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Abstract The term 'indicator' is often vague and heter-
ogeneous, and its dynamic characteristics make it highly 
variable over time and space. Based on reviews and syn-
thesis, this study visualizes phenomena and highlights the 
trend of indicator selection criteria, development methods, 
validation evaluation strategies for improvement. In con-
textualization of the intensification of agriculture and cli-
mate change, we proposed a set of indicators for assessing 
agricultural sustainability in Bangladesh based on theoret-
ically proposed and practically applied indicators by 
researchers. Also, this article raises several issues of indi-
cator system development and presents a summary after 
due consideration. Finally, we underline multi-stakehold-
ers' participation in agricultural sustainability assessment. 
Keywords Indicator· Agriculture . Sustainability . 
Criteria . Validation . Evaluation 
1 Introduction 
'Sustainable development' has come to the forefront of 
scientific debate and policy agenda. The World Commis-
sion on Environment and Development (WeED), known as 
the 'Brundtland Commission', proposed the most extended 
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definition for "sustainable development" and since then 
has rightfully gained its place in the vision, mission, and 
strategy of organizations and governments. Sustainable 
agriculture is widely discussed and is viewed in the "inter-
national forum as essential for the transition towards global 
sustainable development (WSSD 2002). 
Despite wide consensus on its relevance, there is some 
consensus about the definition of "sustainable agriculture" 
as an activity that permanently satisfies a given set of 
conditions for an indefinite period of time (Hansen 1996). 
These conditions are highly congruent to the multidimen-
sional attributes inherent in the concept of sustainable 
development, highlighting ecological stability, economic 
viability, and socially fair agricultural systems. 
The concept of 'agricultural sustainability' is both 
ambitious and ambiguous, as diverse factors influence its 
attainment and assessment. It has different components, 
attributes, and indicators at different scales as well as 
encompasses complex interactions among the environment, 
economics. and society. Although in the literature on sus-
tainability, conceptions of the term 'indicator' are often 
remarkably vague and heterogeneous, a wide variety of 
indicators at different levels have been developed to assess 
agricultural sustainability (Lopez-Ridaura et aL 2005; van 
Calker et al. 2006). Sustainability indicators are increasingly 
seen as important tools in the assessment and implementa-
tion of sustainable agriCUlture systems. Since sustainable 
agriculture is a time- and space-specific concept, the existing 
development and critical analysis of indicators are not the 
case-sensitive and demand-led in the context of intensifi-
cation of agriculture and climate change. 
Bangladesh is an agro-based and densely popUlated 
country of South Asia and crop production is reported to be 
highly vulnerable to flood, drought, soil, and water pollu-
tion (Heikens 2006). Also, most farmers are small holders 
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and suffer a substantial shortage of hard cash during the 
crop season, which is a common bottleneck in achieving 
their livelihoods and food security. Therefore, the issue of 
sustainable agriculture has increasingly attracted the 
attention of academics, researchers, and decision-makers. 
Indicator generation for sustainability assessment needs to 
consider these aspects plausibly, as indicators provide key 
information on the environmental, economic, and social 
state of this system. Pointedly, this article attempts to 
tackle the following research questions: 
• What are indicators selection criteria, development 
methods, validation, and evaluation strategies for 
improvement based on reviews and synthesis? 
• What should the agricultural sustainability assessment 
indicators be in Bangladesh in the context of intensi-
fication of agriculture and climate change? 
2 Methodology 
This. review article is based on secondary data. According 
to the objectives of the study, the authors consulted the 
diff~!,pnt books, journals, and research reports related to 
sustainable a~11(,ultui\! and development. Moreover, few 
informal discussions with experts in crop science, agri-
cultural extension, and environmental sciences provide an 
intangible benefits towards right direction of grounding 
review and synthesis. Further, several Governmental 
reports (e.g., ADB 2004) assist us as complementary to the 
synthesis of the country's economical and environmental 
conditions as well as to determine the underlying indicators 
of agricultural sustain ability in Bangladesh. 
3 Agricultural sustainability in an era of intensification 
of agriculture and climate change 
Bangladesh has experienced the highest degree of intensi-
fication of agriculture because of the need to feed the 
burgeoning population. Several studies have reported that 
the intensification of agriculture achieves remarkable 
growth in agriCUltural production, which is also a signifi-
cant source of environmental harm (ADB 2004; Zahid and 
Ahmed 2006; Alauddin and Quiggin 2008). Consensus 
from these studies suggest that agricultural intensification 
raises concerns of unsustainable agricultural systems 
through soil erosion, nutrient depletion, water quality, and 
the hydrological cycle. Further, climate change is now 
largely accepted as a truly global problem. According to 
MoEF (2008), Bangladesh is ranked as one of the most 
vulnerable countries to tropical cyclones and the sixth most 
vulnerable country to floods. Also, in quantitative terms, 
~ Springer 
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the IPee estimates that by 2050, changing rainfall patterns, 
with increasing temperatures, flooding, droughts, and 
salinity, could cause a decline in the rice production in 
Bangladesh by 8% and wheat by 32%, compared to 1990 as 
the base year (MoEF 2008). Moreover, Bangladesh is 
under grave threat of predicted sea level rise by 2100 as a 
consequence of temperature rise in the range of 2-6°C. 
Huq et al. (1995) estimated that 11 % of the country's 
population lives in the area threatened by a I-m sea level 
rise, which could cause damage to more than a million 
hectares of agricultural land. Despite that the effects of 
intensification of agricultural and climate change is dev-
astating, there is massive room for revamping agriculture 
planning, monitoring, and sustainability evaluation to curb 
the intense degree of these aspects. 
4 Indicator selection criteria 
Many scholars have dealt with the design of indicators for 
gauging agricultural sustainability. It was observed that 
the design of an appropriate set of indicators is a crucial 
and complex problem (e.g., Bossel 2001), as indicators 
should provide a representative picture of sustainability. 
Usually, whenever too few indicators are monitored, 
critical aspects may escape attention, and when focusing 
on a particular indicator, often the system trade-offs are 
not properly taken into account (Von Wiren-Lehr 2001). 
Also, consideration of too many indicators creates a lot of 
problems such as data collection, validation etc. There-
fore, the difficulty is to come up with a set of "essential" 
indicators (Bossel 2001). There is no gold standard for 
designing indicator systems development process; how-
ever, there are some best practices and principles that can 
be taken into account. Some studies have emphasized bio-
physical and socio-economic conditions of the study area 
as major criteria for selecting indicators in Bangladesh 
(e.g., Rasul and Thapa 2004). 
Gomez-Limon and Riesgo (2010) said there are many 
established criteria to aid the selection of appropriate 
indicators. Indicator criteria helps begin "grounding" the 
general attributes of sustainability and serve as a necessary 
intermediary link between attributes, critical points, and 
indicators (Lopez-Ridaura et al. 2005). According to Reed 
et al. (2006), indicators need to meet at least two criteria: 
(1) they must accurately and objectively measure progress 
towards sustainable development goals, and (2) it must be 
possible for local users to apply them. These two broad 
categories can be broken into two sub-criteria as summa-
rized in Table 1. Also, based on exhaustive literature 
review, four indicator selection criteria, namely, scientific 
validity, measurability, data availability, and cost are pro-
posed for elicitation of a standard set of indicators. 
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Table 1 Criteria for evaluating agricultural and environmental sustainability indicators 
Objectivity criteria 
Indicators should have scientific validity 1, 8, 13, 28 
Policy-relevance2, 3, 9-11, 15, 22-26, 30 
Effectiveness2, 11, 14, 15, 17, 28, 29 
Predictivity4, 10, 12, 29 
Causality 16 
Comprehensibility 16, 17 
Goal orientation 18-21 
System representation18, 20 
Significance in the study area27 
Practical applicability27 
Adaptation 7, 22, 24, 25, 26, 30 
Important for Ag development29 
Relevance for system's sustainability30 
Ease-of-usecriteria 
Easy measurability 1, 3, 7, 10, 15, 22, 23, 25, 29, 30 
Data availability l, 3, 4, 6, 8, 9, 13-15, 17-21 
Cost-effectiveness1, 2, 3, 5 
Understandability 1-3, 6, 13, 17, 22, 26, 29, 30 
Conceptual soundness2, 12, 22, 24, 25 
Appropriate level of aggregation2, 9, 11 
Statistical validity2, 28 
Analytical soundness2, 3, 8, 9, 12, 13, 15, 17, 22, 23, 25, 26, 30 
Technical feasibility2 
Limited in number 6 
Responsiveness4, 7, 8, 14-16, 28 
Threshold values and guidelines4, 16, 27 
Integratability4 
Dependent on time-space scalesS' 22-24, 26, 30 
Comparabilityl3 
Ease of use for decision-making28 
1 Pinter et a1. (2008),2 European Commission (2001), 3 COM (2001: 144),4 Zhen and Routray (2003), 5 Pannell and Glenn (2000),6 UNCSD 
(2001), 7 Freebairn and King (2003), 8 Girardin et al. (1999), 9 MAFF (2000), 10 Tschirley (1996), 11 Guijt (1996), 12 Smyth and Dumanski 
(1993), 13 Singh et al. (2009), 14 Berrotenm and Zinck (1996). 15 Nambiar et aI. (2001). 16 Meul et aI. (2008), 17 Binder et aI. (2008), 18 Binder 
and Wiek (2001), 19 Scholz and Tietje (2002), 20 Wiek and Binder (2005), 21 Nardo et a1. (2005), 22 Bell and Morse (2008), 23 Sauvenier et al. 
(2006), 24 van Calker et aI. (2006), 25 von Wiren-Lehr (2001), 26 Waiter and Stutzel (2009), 27 Zhen et aI. (2005), 28 Andrieu et aI. (2007), 
29 Hua-jiao et aI. (2007),30 Gomez-Limon and Riesgo (2010) 
5 Indicator selection method or development 
Generally, two types of frameworks for indicators deriving 
can be distinguished; system-based frameworks and con-
tent-based disciplinary frameworks. However, the existing 
frameworks show limitations when applied to the agricul-
tural production systems, due to the lack of specific content 
for the different attributes and the lack of a holistic 
approach (Van Cauwenbergh et al. 2007). Mitchell et al. 
(1995) proposed a detailed method for indicator develop-
ment highlighting to measurements of quality of life and 
ecological integrity. Similarly, Girardin et al. (1999) pro-
posed a procedure for developing indicators emphasizing 
ecological aspects. All steps are not always clearly 
addressed in articles presenting a specific indicator. 
Recently, Walter (2005) proposed two steps for indicator 
construction using the 'pedigree' assessment by Costanza 
(1993), which is a bit complex from a user's point of view. 
Besides these, the contextualization, the active participa-
tion from local communities, precedents, and conceptual 
framework, Pinter et al. (2008) proposed an explicit and 
elaborate process of indicator development characterizing 
four steps. In addition, recently Sauvenier et al. (2006) 
proposed a developed content-based (PC&I) SAFE (Sus-
tainability Assessment of Farming and the Environment) 
framework for indicator development and sustainability 
assessment. The last three frameworks are considerably 
better, taking into account the operational definition, indi-
cator validation, reference values, and the stakeholders' as 
well expert participation. 
In the literature, 'authors appraisal' or 'expert judg-
ments' are commonly used methods to develop indicators 
around the world (see Tables 2, 4). Typical examples are 
the works of Dantsis et al. (2010). A recent trend, partici-
patOlY research has progressively evolved in different 
branches of science. Likewise, indicator selection through 
participation process achieved a broadening consensus by 
numerous researchers (Fraser et al. 2006; Reed et al. 2006). 
However, lack of transparency is a vital obstacle of the 
participatory process. Also, it is not possible to ensure that 
indicators chosen by 'experts' will be relevant and useful 
for local situations. Also, Dunlap et al. (1993) found that 
the sustain ability perception of diverse sodal groups 
involved with agriculture varies significantly. As every 
group of scientist and every project team have their own 
selection themes, the identification of indicator is some-
what arbitrary or in some cases pursues and influenced 
individual or institutional agendas (Fixdal 1997). 
According to Bell and Morse (2001), sustainability 
indicators fall into two broad methodological paradigms: 
top-down (expert-led) and bottom-up (community-based). 
Table 2 summarizes the indicator selection on the basis of 
the recently developed seven methods of agricultural sus-
tainability assessment. According to this table, all the 
~ Springer 
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Table 2 Overview of methods: indicator selection method, validation, sources of reference value 
Benchmark source Method Spatial Indicator/attribute Source of reference values 
level 
Approach Selection method Validation 
Zahm et al. (2008) IDEA Farm/field Top-down Expert appraisal Comparison, expert Scoring system, scale 0-100 
appraisal 
Rigby et al. (2001) ISAP Fannlfield Top-down Researcher appraisal Expert appraisal Scoring system, ranges 
between 0 and 1 
Hfu1i et a1. (2003) RISE Fann, Top-down Experts judgment Expert appraisal Based on a scale between 0 
region and 100 
Smyth and FESLM Field, Top-down Expert judgment Expert appraisal Referring to thresholds 
Dumanski (1993) region 
Lopez-Ridaura et al. MMF Field to Bottom-up Stakeholder Stakeholder appraisal Stakeholder evaluation 
(2005) region appraisal, criteria 
Sauvenier et al. SAFE Farm to Top-down Literature review, Expert appraisal Absolute and relative 
(2006) region criteria, expert reference values 
opinion 
Wiek and Binder SSP Field to Top-down, LCA, perspective Stakeholder and expert Sustainability ranges 
(2005) region bottom-up and focus appraisal 
methods except for Multi-scale Methodological Frame-
work (MMF) and Sustainability Solution Space for Deci-
sion Making (SSP) are constructed with their indicator in 
an expert-led and top-down process. MMF is the only fully 
bottom-up approach among the seven methods. However, 
several studies substantiated indicator selection has often 
been shown as accurate as indicators developed by experts 
(Dougill et al. 2006). However, our vote for expert-led 
indicator development with active participation of stake-
holders, since, they are highest well known about their 
local situations and conditions. Likewise, the works of 
p!":'..~t'r et al. (2006) and Reed et al. (2006) stressed inte-
:;::::.tion betweeu ~GP .:!Jwn and bottom-up approaches for 
the development of a requisite set of indicators. 
6 Indicator validation 
Despite the extended interest in the development and use of 
indicators in sustainability assessment, considerably less 
effort has been observed on their validation. Validation 
refers to the quantification of the appropriateness of indi-
cators in an assessment process. Numerous scholars defined 
the 'indicator validation' in different ways. They defined 
indicator validation as (1) the achievement of overall 
objectives or the production of the intended effects 
(Bockstaller and Girardin 2003); (2) scientific soundness 
and capability of an indicator to meet the objectives for 
which it was created (Zahm et al. 2008); and (3) to assess 
the correct performance of new indicators (Meul et al. 
2009). Also, lack of proper validation negatively affects the 
quality, reliability, utility. credibility, and objectivity of 
sustainability assessment. Cloquell-Ballester et al. (2006) 
detennined the inevitability of indicator validation in two 
~ Springer 
cases where (1) public participation is insufficient. and (2) 
an environmental impact working team is selected and paid 
by the promoter. 
Recently. Bockstaller and Girardin (2003) presented 
three kinds of validation. This validation procedure delin-
eates the applicability and potentiality, however, focused 
on only environmental indications. Cloquell-Ballester et al. 
(2006) proposed a detailed method for validating envi-
ronmental and social indicators. A most recent validation 
procedure, MOTIFS (Monitoring Tool for Integrated Farm 
Sustainability), was developed by Meul et al. (2009). 
However. this tool application is limited to Flemish (dairy) 
farming. Thus, it needs validation beyond Belgium and for 
different crops production sector. The necessity of indica-
tor validation is highly recognized. Moreover, a consider-
able number of researchers do not validate indicators in 
sustainability assessment (e.g., Nambiar et al. 2001; Rasul 
and Thapa 2004). It is observed that most of the individual 
researchers as well as recently developed agricultural sus-
tainability assessment methods (e.g., IDEA, SAFE etc.) 
adopted 'expert appraisal' as the popular validation pro-
cedure (see Tables 2, 4). Moreover, taking into account the 
availability of convenient validation methods, practical 
applicability and consistency with research, a substantial 
number of researchers adopted a participation processes to 
validate indicators (Cloquell-Ballester et al. 2006; Meul 
et al. 2009). Our experience also embraces 'expert 
appraisal' as well as 'participation of stakeholders' with 
precautionary principles specifying that expert selection 
must be local-specific, relevant to discipline, and based on 
experiences. As van Calker et al. (2006) explicitly men-
tioned, experts are selected on the basis of written scientific 
or popular papers and on the basis of experiences in the 
concerned aspect of sustainability. 
Environmentalist (2012) 32:99-110 
7 Indicator set evaluation 
An indicator does not say anything about sustainability 
without making a comparison to a reference value. An 
indicator set can be assessed in different ways, viz. by 
comparing the threshold level, assessing weight and target, 
and expert appraisal, etc. (see Table 4). In the literature, 
indicators are often standardized according to the threshold 
level in Bangladesh (e.g., Rasul and Thapa 2004), India 
(e.g., Sharma and Shardendu 2011) and China (e.g., Zhen 
et al. 2006). Agricultural sustainability depends to a large 
extent on agri-environmental context, and thresholds are 
particularly important in that context given the propensity 
of ecological systems to 'flip' from one state to another 
(Moxey 1998). Further, Schafer et al. (2002) in Walter 
(2005) distinguished different modes of scaling functions 
and parameter selection: these are based on negotiation 
among stakeholders (van Calker et al. 2006); expert elici-
tation (Van Cauwenbergh et al. 2007) science, e.g., as 
acceptable daily intake of toxins (WHO 1999) and so on. 
The work of Von Wiren-Lehr (2001) and Van Cauwen-
bergh et al. (2007) provides in detail the absolute and 
relative reference systems. 
Despite that the reference values describe the desired 
level of sustainability for each indicator (Girardin et al. 
1999), a developing issue is regarding external reference 
values highlighted by several authors, including Izac and 
Swift (1994). These authors said the importance of defining 
thresholds for indicators in sustainability research is 
insufficient. Likewise, Hendriks et al. (2000) illustrated 
that an external point of reference cannot be global and 
Table 3 Sustainability indicators proposed by researchers 
Benchmark 
source 
Indicator 
Economical Social 
103 
influenced by site-specific conditions and numerous factors 
(Dantsis et al. 2010). Further, it is difficult to specify a 
threshold value for some social and economical indicators 
like the identification of threshold values for knowledge 
and technology systems. 
In the context of global warming, sustainability issues 
need to be handled carefully. Hence, it is worthwhile to 
improve the indicator's threshold or baseline value deter-
mination process so that they can provide a clear picture of 
the intended field upholding factual information, which 
ultimately helps researchers to assess sustainability sensibly. 
In some cases, the definition of a reference value is deter-
mined by the stakeholders and not by the scientists. In our 
opinion, it should result from the interaction among scien-
tists, policy-makers, local stakeholders, and communities. A 
substantial number of researchers already adopted alterna-
ti ve sources of reference values to assess agricultural sus-
tainability specifically, 'author appraisal' (Sands and 
Podmore 2000); 'expert appraisal' (van Calker et al. 2006); 
'expert interviews' (Eckert et al. 2000); 'recommended 
values' (Bockstaller et al. 1997); 'community averages' 
(Gomez et al. 1996), which is also subjected to more reviews. 
8 Agricultural sustainability assessment indicators 
proposed by researchers 
Although, numerous initiatives have been seen to assess 
agricultural sustainability, an inconsiderable drive has been 
observed to propose a complete set of indicator. Table 3 
summarizes agricultural sustainability indicators proposed 
Ecological 
Smith and 
Mc-Donald 
(1998) 
Production cost, product prices, 
net farm income 
Access to resources, skills, knowledge, 
and planning capacity of farmers, 
awareness 
Land capability, nutrient balance, 
biological activity, soil erosion, use of 
FIP,WUE 
Chen (2000) 
Zhen and 
Routray 
(2003) 
Saifia and 
Drake 
(2008) 
Guttenstein 
et al. 
(2010) 
Total Ag products, per-capita food 
production, net farm income 
Crop Pd, net farm income, 
benefit-cost ratio of production, 
per-capita food grain production 
Farm economy, technological 
deVelopment, traditional Ag 
Ratio of income/capita of farm, 
social integration and 
connectedness, diversity of farm, 
volume of goods and services 
Per-capita food supply, land tax, 
participation in decision-making 
Food self-sufficiency, equality, access to 
resources and support services, farmers' 
knowledge and awareness 
Value system and ethics, food demand, 
food safety and health aspects, food 
security and distribution 
Nutritional status, extent of aboriginal 
participation, gender ratio, enrolment 
ratio in education, access and control to 
land, Wand B 
Use of external input, GW quality, soil 
erosion, per-capita disaster loss, 
cropping index 
Amounts of F, P, and W used, soil 
nutrient content, GW table, WUE, 
quality of GW and N03 in GW and 
crops 
Ecological system and environmental 
degradation, on- and off-farm natural 
resources, energy and biomass 
G and surlace W consumption, B, % of 
land affected by desertification, carbon 
dioxide emissions 
Pd productivity, G ground, W water, I irrigation, P pesticide, F fertilizer, WUE water use efficiency, Env environment, B biodiversity 
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I~ Table 4 Sustainability indicators applied by researchers, their indicator selection method, validation, and sources of reference values S 
~ -I>-S· Benchmark Study area Spatial Indicators 
~ source level Economical Social Ecological 
"'t Selection Validation Reference 
method values 
Gowda and India Field Land Pd, crop yield Input S, info self-reliance, Integrated nutrient Mgt, W, and P Expert Expert Use max and 
Jayaramaiah security, input Pd food sufficiency Mgt appraisal appraisal mini values 
(1998) 
Nambiar et a1. China Region Yield, Income per labor, Cultural level, number of Nutrient balance, efficiencies of F Author's Not validated Referring to 
(2001) real net output per unit varietiesJIivestock, and I W uses, soil erosion, saline appraisal threshold 
land organisms content and soil quality values 
LOpez-Ridaura Mexico Farm Sorghum, meat and milk Availability of milk, labor OM, soil loss, run-off coefficient, MESMIS Multi- Referring to 
et a1. (2002) yield, costlbenefit ratio, demand, org. inputs framework institutional thresholdl 
economic return to labor, dependency, stability in team baseline 
investment cost production, appraisal values 
Rasul and Bangladesh Farm Land Pd, yield stability and Input S, equity, food Land-use pattern, cropping pattern, Author's Not validated Referring to 
Thapa profitability from staple security and risks, soil fertility Mgt, pest and disease appraisal reference 
(2004) crops uncertainties in 
cultivation 
Mgt, and soil fertility systems 
Zhen et al. China Region Crop Pd, per-capita food Food S and adequacy and Depth to GW table, WUE, soil- Author, local Author, local Compare to 
(2005) production, net farm effectiveness of the quality status (soil pH, OM, N, P expert, and expert, and critical points 
return and benefit-cost extension services and K), N03 in OW and chives farmer farmer 
ratio plants appraisal appraisal 
van Calker The Nation Profitability Working conditions, food Eutrophication, GW pollution, Multi- Stakeholder Stakeholder 
et a1. (2006) Netherlands safety, animal welfare dehydration of soil, global attribute and expert and expert 
and health, landscape warming, acidification, eco- utility appraisal appraisal 
quality toxicity models 
Hiini et a1. India Fannl Economic stability, Working conditions, W, soil, B, N, and P emission RISE Experts A scale 
(2006) field economic efficiency, social security potential, plant protection, waste guidelines appraisal between 0 
local economy and energy and 100 
Then et al. China Region Land holding; crop area, Age and education level Soil fertility status including soil Researcher, Researcher Existing 
(2006) labor; I freq., quantity of of respondent pH, N, P, K, and OM content fanner and fanner legislative 
GW, N, P, K F. used; P, appraisal appraisal thresholds 
farm income 
Sydorovych USA Region Profit, income stability, Stress, risks, safety, Soil and water quality, agro and Consultations Expert Comparison t'r.I ~. and Wossink reliance on purchased nutrition, quality, taste, natural biodiversity, efficiency of with experts appraisal with 
(2008) inputs and subsidies, impact, animal care, natural resource use, solid waste additional ::I S 
sufficiency of cash flow, attractiveness, odors, disposal, air quality, GHG attribute (11 a govt. regulation noise, info. emissions ranking ~ 
Pretty et al. UK Farm Value chain, energy. water, Social and human capital, Soil fertility and health, soil loss, Expert Expert Author ~ N (2008) local economy animal welfare nutrients, pest Mgt, B appraisal appraisal appraisal S 
Binder et al. Switzer land Farm Return on investment, labor Level of education, social GHG emissions, B eutrophication, Life cycle Stakeholders Compare with ~ 
Pd, hourly wage, market capital, social electricity cons. processing and approach, and experts created w (2008) IV 
\0 power, subsidies, acceptance, human cooling, energy cons. perspective appraisal thresholds \0 
production capital Transportation and focus value ,!... 
S 
Table 4 continued 
Benchmark Study area Spatial Indicators 
source level 
Economical Social Ecological Selection Validation Reference 
method values 
GOmez-Limon Spain Farm Total gross margin, profit, Total labor, seasonal labor Agro-diversity, soil cover, W use, DEeD Experts Used scale 
and Riesgo public subsidies, GDP employment nitrogen and energy balance, P guidelines appraisal ranging from 
(2008) contribution risk o to I 
Dillon et ai, Ireland Farm Market return, viability, Demographic viability, W quality, air quality Farm Survey Not validated Referring to 
(2009) direct payments isolation data national data 
Gomez-Limon Spain Farm Income, contribution of ag Ag E, stability of Economic dependence. area/plot, SAFE Experts Used linear 
and to GDP, insured area workforce, risk of soil cover, N, P and energy appraisal function, 
Sanchez- abandonment of Ag balance, P risk, use of I W, ranging from 
Fernandez activity subsidy areas o to I 
(2010) 
Gafsi and France Farm Viability, autonomy, Working conditions, Ag-ecological: pollution control Author Comparison, Referring to 
Favreau transmissibility , quality of life, local and soil fertility, crop rotation, Ag appraisal expert sustainability 
(2010) efficiency economy, social and natural B, resources Mgt appraisal scale (0-100) 
involvement 
Dantsis et a1. Greece Region Gross Ag value and Ag Age, level of education, Use of F and P, I W consumption, Author Pilot survey Based on rank 
(2010) margin, crop diversity, pluri-activity, family fann Mgt, agro-ecological Mgt, appraisal and weight 
holding size, plot no.! size, Ag E fann machinery, type of fanning 
farm, machinery 
Vecchione Italy Region Labor and land Pd, E in Ag, old-age index, Arable surfaces, permanent crops, Multi -Criteria Academic and Academic and 
(2010) fragmentation, value education, gender poplar wood, woods, other Analysis local expert local expert 
addition, diversification, composition, population surfaces, biodiversity (MeA) appraisal appraisal 
mechanization 
Gomez-Limon Spain Fann Profitability, changes in Total labor, labor Pd, soil Olive grove varieties, biological SAFE Expert Used 
and Riesgo farmer's profitability, cover, risk of Ag diversity, Prisk, % of land appraisal sustainability 
(2010) adaptation index, abandonment, family planted with crops, % of non- scale ranging 
production value, changes and pennanent labor, arable land, eroded soil, OM, N, from 0 to 1 
in sales, Ag value membership, olive oil and energy balance, herbicide and (least to most 
addition, income, F classification, I W use, sustainable) 
Considered those studies have given emphasized three dimensions of sustain ability clearly 
Ag agriculture, G ground, W water, I irrigation, P pesticide, F fertilizer, Pd productivity, Mgt management, OM organic matter content, B biodiversity, WUE water-use efficiency, Env 
environment, E employment, S self-sufficiency 
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by researchers. Smith and Me-Donald (1998) argued that 
profitability indicators such as total production and net fann 
income are the primary indicators of agricultural sustain-
on trends in land and water use. Based on the Chinese 
context, Chen (2000) proposed a set of indicators for 
assessing agricultural sustainability and found the chal-
lenges regarding the balanced development among envi-
ronment, resources, population, and economic and social 
components. Zhen and Routray (2003) proposed opera-
tional indicators based on a predefined selection criteria and 
suggested that the selection of indicators should be priori-
tized according to spatial and temporal characteristics under 
consideration. 
Saifia and Drake (2008) presented a co-evolutionary 
model for promoting agricultural sustainability. They 
summarized a few significant dimensions (have to translate 
into measurable indicators) for achieving agricultural sus-
tainability with an endnote to study important sustainability 
issues in each dimensions for a particular country or region 
and by discussing the relations pertaining between princi-
ple and indicator. Guttenstein et a1. (2010) undertook a 
project to develop a definition of sustainability. They 
stressed per capita income and equity, human rights and so 
on for economical and social indicator selection. Besides 
these, they paid equal importance to greenhouse emissions, 
biodiversity, and desertification as core indicators under 
ecologkal dimen~; "':-~. 
9 Agricultural sustainability assessment indicators 
applied by researchers 
Table 4 summarizes the agricultural sustainability indica-
tors applied by researchers. Gowda and Jayaramaiah 
(1998) developed an Agricultural Sustainability Index 
(ASI). On the basis of operational definition, they deter-
mined indicators by the experts' appraisal and focused 
ecological indicators. Likewise, Nambiar et a!. (2001) 
developed an AS! to measure sustainability. They selected 
indicators according to their defined criteria and favoured 
environmental aspects in assessing sustainability. LOpez-
Ridaura et a!. (2002) developed sustainability evaluation 
framework and reported sustainability evaluation is a 
multi-stakeholders participatory process. Rasul and Thapa 
(2004) evaluated the sustain ability of two production sys-
tems in Bangladesh where indicators were detennined 
based on biophysical and socio-economic conditions of the 
study area. Zhen et a1. (2005) conducted an agricultural 
sustainability assessment study. Availability of threshold 
values was one of the vital criteria for indicator generation. 
Another study completed by Zhen et al. (2006) in the 
same area on 'sustainability of farmers' soil fertility 
~ Springer 
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management', which was an ecological characteristics-
based study. Van Calker et a1. (2006) conducted a sus-
tainability assessment and concluded the developed 
perceptions can be used with reasonable confidence to 
determine the sustainability of different farming systems. 
Hani et al. (2006) assessed sustainability of tea farms 
using 12 predetennined indicators and they reiterated the 
practical flexibility of RISE as a holistic, comprehensive, 
and global tool for sustainability assessment. Sydorovych 
and Wossink (2008) applied the method of conjoint anal-
ysis to select economic, social, and ecological attributes, 
and revealed some significant differences in the percep-
tions of sustainability by farmers and scientists. Pretty et a1. 
(2008) reviewed an agricultural sustainability initiative of 
'Unilever'. This paper summarized the changes in selected 
indicators for each of five novel management practices 
tested on the pilot farm. Binder et al. (2008) presented SSP 
as a holistic tool agricultural sustainability assessment and 
developed the sustainability thresholds through literature 
research and stakeholder interviews. Moreover, they inte-
grated the indicators in a trans-disciplinary workshop and 
synthesized that the interaction among the indicators sig-
nificantly influences the results. 
Gomez-Limon and Riesgo (2008) conducted a study to 
carry out a comparative analysis of alternative methods on 
constructing composite indicators. Research results showed 
that those methods allow the aggregation of a multi-
dimensional set of indicators into a unique composite 
indicator successfully. Dillon et al. (2009) selected indi-
cators on the basis of overall suitability and the availability 
of data in the National Farm Survey. They made a com-
parison between 1996 and 2006 data to measure farm 
sustainability. Gomez-Limon and Sanchez-Fernandez 
(2010) and Gomez-Limon and Riesgo (2010) developed 
and applied composite indicators for evaluating the sus-
tainability in two agricultural systems. Based on expert 
appraisal, they selected indicators and aggregated them 
into sustainability indices. Research results showed the 
advantages and disadvantages of the various methods used 
in constructing composite indicators, which were worth-
while from the methodological point of view. 
Gafsi and Favreau (2010) selected indicators considering 
the economic situation and viability of the farming system, 
and on the basis of sustainable agriculture principles and 
organic farming principles. Vecchione (2010) suggested a 
model for indicator generation as well as measuring sus-
tainability. He used a fuzzy-logic approach and hierarchy 
process for indicator normalization and weighting for 
developing AS!. In addition, Dantsis et a1 (2010) selected 
indicators based on authors' appraisals and literature review. 
They used rank and weight values to assess sustainability 
that was significant in tenns of methodological aspects. 
Environmentalist (2012) 32:99-110 
Fig. 1 Proposed agricultural 
sustainability assessment 
indicators in Bangladesh 
Agricultural 
sustainability 
10 Proposed agricultural sustainability assessment 
indicator 
We proposed a complete set of indicators for agricultural 
(crop science) sustainability assessment at the farm level in 
Bangladesh (Fig. 1), conceptualizing the affects of inten-
sification of agriculture and climate change. All the indi-
cators are examined, checking, and cross checking by 
relevant literature considering spatial and temporal char-
acteristics of the country. Hence, all indicators have a 
theoretical basis. Despite a set of indicators is not appro-
priate at all times, it acts as a 'benchmark' and simulta-
neously assists researchers as an 'initiator', 'indicator', and 
'accelerator' to a large extent. 
10.1 Economical indicators 
The impact point of the economic indicators chosen is that 
the farm has to be profitable without taking economic risk 
to be sustainable. Net fann return indicates farm viability, 
which is a core aspect of agricultural sustainability. Input 
productivity refers to the output per unit of input used and 
is expressed as a benefit-and-cost ratio. Land productivity 
is measured by the physical yield of crops. Crop diversity 
increases farm productivity and reduces the variability of 
agricultural income. Sufficiency of cash flow covers 
operational expenses on time. As most of the farmers in 
Bangladesh are small holders (>2 ha of farmland), they 
suffer shortages of hard cash in the lean period of the 
season. 
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Net farm return 
Land productivity 
Economic dimension Crop diversity 
Sufficiency of cash flow 
Education 
Social dimension Input self sufficiency 
Social involvement 
10.2 Social indicators 
Social indicators measure farmers' capacity and capability 
to tackle certain circumstances. For example, input self-
sufficiency is a measure of farmers' ability to meet the 
input requirement of farming from owned resources rather 
than from purchased inputs. Social involvements comprise 
farmer's participation to local organizations, which lead to 
sharing information, knowledge, skills, experiences, etc. 
Also, educational level is a key social indicator. Several 
empirical studies substantiated education has a strong 
association with awareness, knowledge, adoption of man-
agement practice, access and right to information etc. these 
are also important aspects for sustainability. Therefore, we 
considered. education as a key indicator assuming that it has 
direct and indirect influences on aforesaid aspects. 
10.3 Ecological indicators 
Environmental indicators are regarded as prime assessors 
of sustainability. It is recognized the significance of inte-
grated water management for future water solution. Hence, 
integrated water management is one of the vital indicators 
for agricultural sustainability (Chan 2004). Maintaining 
soil health is universal for sustainable agriculture and this 
can be achieved through properly maintaining the broad 
aspects of agriculture such as fertilizer, nutrients, disease, 
and pest management. Therefore. taking into account the 
prevailing situation of Bangladesh, soil-quality status is a 
unique indicator for sustainability and for that soil fertility 
as well as nutrient management also need to be considered. 
~ Springer 
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Also, injudicious use of agricultural inputs, pests and dis-
eases are grave threats to production (Barrow et al. 20lO). 
Several studies substantiated that integrated management is 
more sustainable than other crop management systems. In 
addition, biodiversity is highly beneficial for agriculture. 
Hence, this issue demands proper attention for the future 
sustainabili ty of agriculture. 
11 Conclusions and recommendations 
This paper provided an extensive review of indicator selec-
tion criteria, development methods, validation, and evalua-
tion strategies for agricultural sustainability assessment and 
focuses on the present trends and authors' observations. 
Findings of the paper include the proposal of a holistic set of 
indicators of sustainable agriculture for Bangladesh based on 
theoretically proposed and practically applied indicators 
conceptualizing intensification of agriculture and climate 
change. Multi-dimensional and multi-functional aspects of 
agricultural sustainability make it difficult to assess. There-
fore, every episode of assessment needs to be handled 
carefully, as we concluded these points as reiteration: 
• Indicator generation deserved integration between top-
down and bottom-up approaches fulfilling proposed 
criteria to elicit a holistic set of indicators. 
• Indicator validation has to be done by experts with 
active inputs from relevant stakeholders' and with 
precautionary principles of expert selection with a view 
to ensure the assessment's quality, reliability, utility, 
credibility, and objectivity. 
• Indicator set normalization by threshold values is 
acceptable. However, multi-stakeholders' participation 
is more than enough for the threshold and baseline 
values determination process. 
The proposed set of indicators for evaluating agriculture 
sustainability at the farm level is hoped to perform as a 
'benchmark' , as it has ample theoretical basis. Agricultural 
sustainability assessment for sustainable agricultural 
development needs a consolidated approach of modem 
science blended with expert knowledge and active partic-
ipation of stakeholders. Therefore, this paper suggests the 
integration of approaches as well as participatory process 
in sustain ability assessment, which ultimately helps to 
formulate a comprehensive policy strategy for sustainable 
agricultural systems, as sustainable agriculture and devel-
opment is for 'our common future'. 
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CABARAN DALAM KEMAMPANAN PENGURUSAN SUNGAI DI MALAYSIA 
Ang Sek Chuan 1, Chan Ngai Wengl , Mashhor Mansorl , Narimah Sarnatl & Lai Sai Hin2 
ABSTRAK 
Sungai di Malaysia merosot dengan cepat akibat pembangunan dan pertambahan penduduk 
yang pesat. Kerajaan bertanggungjawab untuk menguruskan sungai, tetapi keadaan sungai 
terus merosot walaupun perbelanjaan sentiasa meningkat. Sungai-sungai tercemar telah 
menjadi satu masalah yang serius dari segi peningkatan frekuensi banjir. pengurangan dalam 
pengairan dan ketersediaan air dan degradasi alam sekitar. Masalah-masalah ini telah 
menjejaskan kualiti kehidupan manusia dan ekosistem semula jadi. Pengurusan Lembangan 
Sungai Bersepadu ([RBM) rangka kerja yang dig una pakai masih kurang berkesan dalam 
menangani sungai dan isu-isu pengurusan air di Malaysia. Terdapat terlalu banyak agensi-
agensi kerajaan yang terlibat dalam pelbagai aspek pengurusan sungai. tanpa agensi tunggal 
yang bertanggungjawab secara langsung. [su pertikaian kerajaan persekutuan dan negeri 
dalam hal bekalan air adalah salah satu contoh pengurusan yang tidak bersepadu. Objektif 
kertas ini adalah untuk mengkaji model [RBM, untuk memberikan kritikan membina dan 
memperbaiki model. Kerajaan, melalui Iabatan Parit dan Saliran (IPS), telah mencapai sedikit 
kejayaan dalam pengurusan sungai, terutama dalam pengairan dan pengurusan banjir, tetapi 
kurang berkesan dalam mencapai [RBM dan Pengurusan Sumber Air Bersepadu (IWRM) 
kerana kedua-duanya memerlukan penglibatan dan penyertaan pihak-pihak yang 
berkepentingan. Oleh itu, terdapat kelemahan dalam kerjasama antara pihak berkepentingan 
yang berkaitan dengan sungai dan isu-isu yang berkaitan. Kertas kerja ini juga mendapati 
bahawa pengurusan sungai dipengaruhi secara negatif oleh politik di Malaysia, dan ini adalah 
salah satu cabaran terbesar yang dihadapi oleh [RBM harl ini. Metodologi termasuk mengkaji 
model [RBM dan pelbagai model pengurusan air, temu bual dengan pihak berkepentingan dan 
penggunaan data sekunder. Kajian ini mencadangkan bahawa perlu ada rombakan struktur 
[RBM termasuk agensi-agensi dan pihak berkepentingan serta barisan pengurusan. Pelan 
pengurusan jangka panjang yang melibatkan semua pihak berkepentingan perlu diberikan 
keutamaan dan bukannya pengurusan sungai jangka pendek oleh agensi tertentu. 
Kata kunci: [RBM, pengurusan bersepadu, sungai, Malaysia, projek, IPS 
PENGENALAN 
Chan (2002a) mengatakan bahawa kebanyakan sungai eli Malaysia telah mengalami tahap 
pencemaran yang teruk sehingga tidak dapat dipulihkan. Rajah 1 menunjukkan tahap 
pencemaran lembangan sungai terpilih di Malaysia yang amat membimbangkan. Data 
pencemaran ini meningkat mend adak (kecuali pepejal terampai) walaupun terdapat banyak 
agensi-agensi pengurusan dalam lembangan sungai di Malaysia. Menurut Global Water 
Ang Sek Chuan et al. I 105 
projek Renjer Sungai melibatkan dua kategori - ahli Rukun Tetangga (R T) dan pelajar sekolah 
yang melibatkan dalam projek-projek pembersihan sungai (Star, 2012). Penglibatan kerajaan 
negeri dalam penempatan semula setinggan adalah sangat penting. Menurut Yusoff & Rindam 
(2012) lapisan ruang rangkaian saluran, aliran sungai, penggunaan tanah, tanah dan 
pemendakan semua parameter adalah penting dalam sesuatu lembangan kecil dan apabila 
perubahan ketara terjadi, kejadian seperti menyusup air banjir bandar, aliran saluran terbuka 
dan darat akan menambahjumlah aliran di pelbagai lokasi dalam kawasan bandar. Cabaran dari 
pelbagai lapisan akan mengambil tempoh yang lebih lama dalam pengurusan sungai. Masalah 
tidak akan diselesaikan kalau bergantung kepada satu agensi untuk menguruskan setinggan. 
Sebuah badan integasi seperti IRBM untuk menjaga masalah ini akan menjadi pilihan yang 
lebih baik. Keizrul & Christensen (2004) bersetuju bahawa pendekatan bersepadu dengan 
tanggungjawab yang dipegang oleh organisasi tunggal adalah lebih berjaya. Dengan demikian 
IRBM perlu mengurus sebagai sebuah organisasi dan bukannya sebagai model pengurusan. 
KESIMPULAN 
Tersumbatnya sungai telah menjadi salah satu punca utama banjir di Malaysia. Organisasi 
bersepadu IRBM yang kedudukan tertinggi dianggotai oleh menteri dan Exco lembangan 
sungai adalah lebih mantap untuk persediaan bersepadu ini. Program Kehidupan Sungai adalah 
satu contoh yang baik yang melibatkan peringkat tinggi agensi. Walau bagaimanapun, tidak ada 
penglibatan holistik yang cUkup dari pihak berkepentingan dalam menguruskan lembangan 
sungai. Kebanyakan agensi-agensi dalam Kehidupan Sungai Greater KL / Klang tertumpu 
kepada pembangunan dan bukannya mitigasi masalah. lni boleh dilihat daripada banyak projek-
!,r0.i~l: seperti memperbaiki, menaik taraf dan pemulihan kerja (contohnya, kelodak, 
pengorekan, pengukuhan tebing tidak stabil). Bahagian yang paling penting dalam semua 
pengurusan sungai adalah untuk mengubah minda masyarakat mengenai penggunaan sungai. 
Oleh itu, pendidikan dalam tempoh masa yang panjang adalah perlu untuk memupuk 
pemahaman ekosistem sungai dan pengurusan bencana banjir. Juga, melainkan jika terdapat 
pengurusan bersepadu yang melibatkan Kerajaan Persekutuan yang mengawal selia 
perkhidmatan air melalui SPAN dan kerajaan negeri yang mengawal sungai dan sumber air 
maka ia akan menjadi satu tugas yang mencabar bagi IRBM untuk berfungsi dengan berkesan 
tanpa pincangan. Kajian ini mengesahkan bahawa IRBM adalah konsep pengurusan yang wajar 
dan boleh dipraktikkan dengan jayanya. 
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MANAGING URBAN FLOOD HAZARDS IN MALAYSIA: 
ABSTRACT 
EMERGING ISSUES AND CHALLENGES 
Ngai Weng Chan 
School of Humanities, Universiti Sains Malaysia, 11800 USM Penang, Malaysia 
E·mail: nwchan@usm.my 
Urbanisation is a major force that has completely changed the landscape in Malaysia. In major cities, urbanisation 
has significantly contributed to increasing frequencies and magnitudes of flood hazards, mostly due to land use 
change from absorbent natural surfaces to Impervious artificial ones. Cities are therefore more susceptible to flash 
floods, with their populations more vulnerable but the least prepared. This paper critically evaluates Malaysia's 
flood hazard management strategies in urban areas. Despite rapid development and rapid changes in all spheres, 
Malaysia is still heavily reliant on a top-down government controlled techno-centric approach to flood manage-
ment. The country largely employs expensive structural flood alleviation measures based on building large-scale 
engineering structures to control floods while smaller-scale non-structural methods that are less expensive and 
quicker to implement (but are less popular as they are considered politically unacceptable) are rarely employed. 
Often, sophisticated (imported) flood management systems are alien to the public who are accustomed to tradi-
tional systems, leading to a lack of confidence in the costly new technologies and greater flood loss. In contrast, 
traditional methods have been employed for centuries and the locals understand them well as they are used to 
them. Take away this traditional system and replate it abruptly with a completely new system will do the victims 
more harm than good, as It will probably endanger their lives. Non-structural methods have also been shown to be 
cost-effective, faster to Implement and easy for locals to understand. The paper emphasises the importance of using 
non-structural and traditional flood management stratesles vis-a-vis the official structural strategies. Public partici-
pation and support is necessary to ensure that such strategies are effective In reducing flood loss. Malaysia can better 
manage floods when both official and traditional systems are working in tandem, maximising flood-loss reduction. 
KEYWORDS: Flood hazard management, Structural and non-structural flood measures, 
Traditional flood management systems 
INTRODUCTION 
Malaysia is geographically located in a relatively "disaster-free" region in SouthAeast Asia that does not have 
volcanoes, earthquake disasters or cyclonic winds. However, it is not totally disaster·free as the country is affected 
by flooding, landslides, haze and other man-made disasters. In terms of floods, the major disaster affecting the 
country the annual losses are significant with tangible and intangible losses as well as direct and indirect losses. 
located In the wet equatorial belt, Malaysia experiences seasonal monsoon winds that bring heavy monsoon rains. 
Coupled with that, rainfall intensity is high with heavy tonvectional rainfall all year round. It is estimated that about 
10 % of the country is flood-prone, affecting more than 3 million people (Hj Keizrul Abdullah, 2002). Other than 
those living in the east coast of the peninsula and in Sabah and Sarawak states, who are exposed to the annual 
North-east Monsoon winds that bring heavy rains and seasonal floodins, th~ urban areas are also increasingly 
H(/J Land. Developers are not the only ones who contribute to floods. Squatters and Illegal farmers occupying hili 
slopes are just as much to be blamed. The authorities should impose and enforce a hefty fine for those found to 
illegally occupy hill slopes, whether for housing, agriculture or other activities. Relocate these people where necessary. 
Poor P' blic Education and Awareness Amongst Poficy Makers and Flood Victims - It is a misconception to believe 
that r alayslans are well adapted to floods since the country has been affected by floods for centuries. Only 
Mal" sians who live in the east coast of the peninsula and the coastal areas of Sabah and Sarawak are sensitized 
tow;. js flooding. Malaysians living in the west coast of the peninsula, making up the vast majority of the population, 
are It,S aware and less educated about floods. This has increased flood loss in urban areas of the west coast of the 
pe~'nsula. The authorities as well as NGOs working in disaster management should pay more attention to increasing 
fie ,d awareness and education. The public needs to be made more aware of warning systems and should be taught 
tc 'espond effectively to them, as sophisticated warning systems are of little use if flood victims do not understand 
th~m. In terms of communications, there should be regular campaigns in the mass media to air flood awareness, 
preparedness, warning and evacuation programmes, especially just before the rainy season on television to 
educate the public about the dangers of floods and how to respond effectively to floods. State-controlled TV and 
radio stations should air public flood awareness and educational programmes, 
Relocation of Flood-prone Communities - Flood control structures are very expensive. In large cities where popUlation 
and property are dense, it is justifiable to build such structures. However, in rural or sparsely populated areas, it 
would be more realistic and practical to relocate small communities rather than build such structures. Floodplain 
occupation (both .Iegal and illegal) is one of the main reasons why flash floods still occur in many urban centres. 
One of the main problems associated wlth the construction of flood mitigation works is to relocate settlements/ 
communities located in the flood-prone areas. Refusal to relocate and political interference have caused long delays 
in completing flood mitigation works. The acquisition of land, resettlement of affected residents and relocation of 
squatters have been problematic. Gazettement of river corridors and Green Belts should be made mandatory for 
developers to plant grass and other cover vegetation in all vacant areas of development schemes, reserving at least 
30% of the developed area for parks and vegetation, irrespective of whether it is housing, commercial, industrial 
or otherwise. Environmental Impact Assessment has been a problem area to enforce. The use of Macro EIAs which 
cover effects not only in the developed area but also downstream and other adjacent areas is an alternative. The 
government should encourage the setting up of independent EIA consultants as non-profit organizations. 
CONCLUSION 
Malaysia is a naturally flood-prone country and will remain so, despite flood mitigation. However, flood management 
can be pro-active and improvements are needed to reduc.e exposure, vulnerability and los.ses. Flood hazards are 
expected to intensify as urbanisation and rapid development accelerate In future. To eXIJcerbate flood problems, 
climate change will make many areas wetter. The Malaysian government is committed to protecting people and 
property as well as reducing flood loss but needs to relook at its flood management strategies. A more comprehensive 
approach, combining structural and non-structural strategies as well as incorporating traditional coping mechanisms 
Into official mechanisms, needs to be implemented. Stakeholders must be Involved and their capacities built via 
public education and awareness programmes. Flood legislation also needs to be passed. In this era of post-Rio + 20 
sustainable development, Malaysia needs to·embrace the sustainable development and green economy modelln 
its economic development while at the same time protecting the environment. Successful management of floods 
will reduce the strain on the country's economy and reduce poverty, leading to the target of a newly industrialising 
country (NIC) by the year 2020. 
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THE BUSINESS OF LITTERING: A CASE STUDY ON 
WATERWAYS IN MALAYSIA 
ABSTRACT 
Ang Sek Chuan l and Chan Ngai Weng2 
Geography Section, Schoo! of Humanities, 
Universiti Sains Malaysia, 11800 Penang, Ma!aysia 
Uttering is a bad habit amongst Malaysians, both individuals and businesses. Despite attempts to control the 
habit, it has turned out to be a never ending problem in Malaysia. It has affected the environment, the natural 
waterways and natural ecosystems besides causing a large amount of taxpayers' money in the cleaning up. This 
research intends to probe the challenges on littering and waste disposal in the waterways of Malaysla. The 
methodology uses the visual survey method to Identify rubbish-choked waterways and secondary data via 
literature research on reports and news on the local policies and the thrash business. Visual survey and 
documentation with photographic evidence show that rubbish is thrown into waterways with total disregard 
for the law and environment. Despite official warning of punishment for the culprits, there are not enough efforts 
by stakeholders in implementing a holistic approach to overcome this dreadful environmental problem. Results 
from this study show that modern lifestyle based on the "rat race", apathy and bad habits, an education system 
poor on environmental education, low environmental awareness and commitment, economy-centric policies that 
disregard environmental protection and poor enforcement of rules and regulations are some of the problems 
that contribute to littering problems. As long as there are lukewarm political will, low awareness, poor 
environmental education, poor policies, and low stakeholder engagement/involvement, littering will continue 
to be an environmental headache to our government, and will lead to clogged waterways that cause polluted 
waters, floods, poor fisheries, maimed ecosystems, disease epidemics, health concerns and degraded intangible 
value of the natural landscapes. Littering is a serious problem that is the responsibility of all stakeholders and 
is in great need of a paradigm change in the mindset of all stakeholders. 
KEYWORDS: Littering, Environment, Malaysia, Thrash, Waterways 
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FAKTOR POLISI DAN TINDAKAN PENGURUSAN BANJIR DALAM 
MEMPENGARUHI KEBERKESANAN PELAKSANAAN MANUAL SALIRAN 
MESRA ALAM (MSMA) 
Sharifah Meryam Shareh Musa1, Chan Ngai Weng2, Ku Ruhana Ku Mahamud3& 
Mohd Zaini Abd. Karim3 
ABSTRAK 
Pengurusan banjir bersepadu adalah satu kaedah yang digunakan dalam pengurusan banjir 
yang menggabungkan semua aspek pengurusan banjir. Di mana kaedah pengurusan banjir 
secara berstruktur, tak berstruktur dan melibatkan pelbagai pihak yang bertanggungjawab dan 
komuniti di dalam pengurusan banjir sebagai elemennya. Di Malaysia, Manual Saliran Mesra 
Alam (MSMA) digunakan sebagai alat dalam pengurusan banjir bersepadu. MSMA 
diwujudkan dengan matlamat untuk menyediakan panduan kepada semua pihak yang terlibat 
dalam perancangan dan mereka bentuk pengurusan air ribut. Ia adalah bertujuan untuk 
mengenal pasti satu arah baru untuk pengurusan air ribut di kawasan bandar di Malaysia. 
Pengurusan air ribut di kawasan tadahan biasanya dijalankan oleh beberapa arganisasi. 
Cabarannya adalah untuk memastikan bahawa pentadbiran, perancangan, reka bentuk dan 
penyelenggaraan sistem pengurusan air ribut adalah selaras dengan Pihak Berkuasa 
Tempatan (PBT), negeri dan Persekutuan yang berkaitan dalam bidang perancangan, 
kejuruteraan alam sekitar dan awam serta seni bina landskap. Kajian ini dilakukan untuk 
mengkaji faktor-faktor dari segi polisi dan tindakan pengurusan yang menjadi halangan 
kepada keberkesanan pelaksanaan MSMA. Kajian ini hanya menggunakan daerah Batu Pahat, 
lahor sebagai kawasan kajian. Kaedah soal selidik kepada pihak yang bertanggungjawab 
dalam menggunakan MSMA di gunakan bagi melihat pendapat dan pandangan mereka. 
Analisis data adalah berdasarkan kepada 30 responden yang terlibat dalam kajian awalan 
bagi kajian ini. Dapatan kajian adalah berdasarkan kepada susunan keutamaan bagi nilai min 
bagi setiap faktor bagi elemen polisi dan tindakan pengurusan. Berdasarkan kepada susunan 
keutamaan ini dapat menunjukkan faktor utama yang menjadi halangan kepada keberkesanan 
pelaksanaan MSMA. 
Kata kund: Pengurusan Banjir Bersepadu, MSMA, pihak yang bertanggungjawab.polisi. 
PENGENALAN 
Berdasarkan kepada konsep pengurusan banjir bersepadu, Malaysia telah memperkenalkan 
MSMA pada tahun 2001. Di mana kerajaan telah menyarankan agar semua pembangunan barn 
menggunakan MSMA dalam merekabentuk sistem salirannya. MSMA merupakan satu kaedah 
yang dihasilkan dari gabungan ketiga-tiga kaedah, iaitu kaedah berstruktur, kaedah tak 
berstruktur dan kaedah pengurusan banjir bersepadu. Manual saliran bandar yang pertama 
458 / Sharifah Meryam Shareh Musa et al. 
Iadual 6. Polisi dan tindakan pengurusan 
Isn N 
Terdapat garis pandnan yang boleh digunakan dalam 30 
melaksanakan MSMA. 
Pihak yang terlibat mempunyai senarai keperIuan (checklist) 30 
yang dipedukan dalam melaksanakan MSMA. 
Pihakyang bertanggungjawab mempunyai kakitangan yang 30 
mencukupi bagi memastikan MSMA dilaksanakan mengikut 
kepeduan yang ditetapkan. 
Staf yang terlibat mempunyai pengetahuan yang cukup bagi 30 
memastikan MSMA dilaksanakan seperti yang ditetapkan. 
Pihak-pihak yang terlibat di dalam pelaksanaan MSMA seperti 30 
IPS memberikan pendedahan yang mendalam terhadap 
penggunaan MSMA. 
Proses kelulusan projek mengikut prosedur yang ditetapkan. 30 
Tempoh kelulnsan projek adalah mengikut syarat yang 30 
ditetapkan. 
Terdapat koordinasi diantara semua pihak yang terIibat di 30 
dalam melaksanakan MSMA. 
Terdapat penguatkuasaan yang konsisten bagi keperluan di 30 
antara daerah, negeri dan persekutuan. 
Terdapat temp at yang boleh menjadi sumber rujukan 30 
sekiranya terdapat sebarang masalah dalam melaksanakan 
MSMA. 
Terdapat peraturan atan undang-undang yang digunakan 30 
dalam pedaksanaan MSMA di sektor pembinaan. 
Peraturan dan undang-undang perIu bagi memastikan 30 
perlaksanaan MSMA digunakan sepenuhnya. 
Pihak yang bertanggungjawab sentiasa memberikan 30 
kerjasama dalam setiap urusan yang berkaitan pelaksanaan 
MSMA. 
Terdapat prosedur yang jelas mengenai kaedah 30 
penyelenggaraan MSMA. 
Peralatan dan alat ganti bagi penyelenggaraan mudah 30 
didapati. 
Proses penyelenggaraan sistem saliran MSMA mudah 30 
dilakukan. 
Pemantauan terhadap proses penyelenggaraan dilakukan oleh 30 
yang bertanggungjawab. 
Pihak kerajaan memberikan insentif kepada syarikat-syarikat 30 
yang menggunakan MSMA dalam setiap projek pembinaan 
yang dijalankan. 
KESIMPULAN 
Nilai 
Min 
3.4667 
3.5667 
3.8000 
3.6667 
3.5333 
3.7000 
3.5667 
3.6000 
3.6000 
3.5667 
3.6333 
3.7000 
3.8000 
3.3333 
3.3667 
3.4333 
3.5000 
3.5000 
Tahap 
Sederhana 
Sederhana 
Tinggi 
Sederhana 
Sederhana 
Tinggi 
Sederhana 
Sederhana 
Sederhana 
sederhana 
Sederhana 
Tinggi 
Tinggi 
Sederhana 
Sederhana 
Sederhana 
Sederhana 
Sederhana 
Pada kesimpulannya, dapatan kajian mendapati aspek polisi dan tindakan pengurusan banjir 
merupakan faktor utama dalam menentukan keberkesanan pelaksanaan MSMA. Bagi 
memastikan pendekatan dan amalan MSMA dilaksanakan sepenuhnya untuk memastikan hasil 
maksimum keberkesanan, semua pihak yang terlibat perlulah memberikan kerjasama yang 
menyeluruh bagi memastikan keberkesanan kaedah pengurusan banjir bersepadu ini tercapai. 
Selain daripada aspek polisi dan tindakan pengurusan, aspek-aspek lain juga perlu dilihat dan 
diberi perhatian dalam menyokong pelaksanaan MSMA di negara ini. 
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POTENTIAL OF RAIN WATER AS ALTERNATIVE SOURCE OF WATER IN PENANG srATE 
Wai Leng Phang, Ngai Weng Chan and Chee Hui Lai 
School of Humanities 
Universiti Salns Malaysia _ 
Abstract: 
Penang is one of the smallest states in Malaysia with limited water resources, but It bas high population density and 
recorded the highest domestic water consumption per capita in the country. The tiny catchment area and limited 
water resources have resulted in Penang having to share water from the Muda River with Kedah state. This has 
affected Penang's water security as Kedah is threatening to log the Muda river catchment The good news, however, Is 
that Penang is located in the humid-equatOrial region which brings heavy rainfall throughout the year. This means 
Penang has plenty of rain water which can be tapped to become an alternative source of water to solve water stress 
problems. The purpose of this paper is to study about domestic water consumers' perception on the use of alternative 
water and examine the advantages of rainwater as an alternative water source in Penang. The methodology involves 
primary data and secondary data. Primary data is obtained from a questionnaire survey of domestic water consumers 
in Penang and analyzed by SPSS. Secondary data is obtained from examining pass research on rainwater harvesting 
projects that have been carried out in Penang. The results indicate that there are few domestic water consumers using 
alternative sources of water, particularly rainwater. The results also found that almost half of the respondents are 
willing to pay and willing to install water saving devices such as rain water harvesting system in their homes. Results 
from two rain water-harvesting projects in USM and N Park Condominium showed good potentials as both were very 
successful. It was concluded that Penang has the potential to use rainwater as an alternative water source which most 
consumers are willing and able to accept rainwater to replace pipe water for specific use. Rain water-harvesting 
systems should become mandatory basiC eqUipment for residential areas like apartment and condominium which has 
a roof area and a large population. Government should pass a policy whereby all new buildIngs should be lnstalled 
with rainwater harvesting systems as basic equipment in new housing development areas. 
33 
4TH INTERNATIONAL 
ACADEMIC CONSORTIUM 
FOR SUSTAINABLE CITIES 
SYMPOSIUM 
'Transformins Cities intQ SUstLfnabie 
and Resilient Communitles
' 
SEPTEMBER 6-7, 2013 
:':;: ';; National Institute ~f Physics Auditorium} 
,:.{; . ,==: University of the Philippines Diliman, 
.c .• " fIlil.fiiI Diliman::.on City, Philippines 
. iiU;:: ~I 
•• ... • ... IJ" ~. •.•• ,.... .::::::::=-..;:::::; 
;::-::~:: ~ I~ .... .... .. ..
::::: i;: ; == ..--
:::::t ... ,~ ~ .. H:::IH! _ --=1 .::~: ::.; :-. .;a: 
••• I •••• f cAL ;; ~ 
!.::: ::!, 1:1 ~..:~ 
·'::::1' < nt J'!l~ = ., 
, •••• It ' .... II """ 4$ ,~
•••••• ' '" t '''-~ 
••• ;.:.:;:.~. lii t , ..... : •. :.. ~ ==-±:'! 
.... :; .. : _n '::::::":",..;;. '!. = .. --- ~: 
---~ . , 
, 
; 
, 
.:,1 
· n t t" 
o \I 
II~' ., .. " .. ··t I 
IS CUTTING DOWN WAYSIDE TREES THE CORRECf STRATEGY IN REDUCING MEGA STORM DAMAGE IN 
PENANG. MALAYSIA? 
Sek Chuan ANG*. Ngai-Weng CHAN & Narimah SAM AT 
"Corresponding Author. 
Geography Section, School of Humanities, Universiti Sains Malaysia, 
11800 Minden, Penang. Malaysia 
Abstract 
The mega storm of 16th June 2013 that hit Penang. Malaysia took three lives and caused severe damage to homes, 
businesses and infra-structures. Many wayside trees were uprooted causing massive traffic havoc One of the dead 
victims rammed into an uprooted wayside tree. The Chief Minister of Penang said that he will not listen to NGOs for 
preventing chopping of trees but instead owners of trees can now chop trees If they think there is a safety issue. As 
such. for safety reasons after the mega storm. many wayside trees are designated to be axed. Penang's green motto of 
~Cleaner, Greener Penang~ will need to be reviewed to manage the future of wayside trees. The objective of this paper 
ls to propose a practical solution to this uncertainty to wayside trees on the urban landscape of Penang. A simple 
method of visual observation througb random walkabout along the several urban roads and bill treks in Penang were 
done to identify wayside trees. This study also reviews some literature to understand the challenges and studies on 
wayside trees. The results show that trees were planted without much understanding on the features of the trees but 
rather on the need for shades and aesthetics need. Wayside trees were chopped down as a convenient method after 
the mega storm, Trees were found not suitably planted, expanding roads also affected wayside trees, soil and poor 
maintenance of wayside trees are some of the challenges. Diseases were seen on trees but left untreated that include 
termite and fungi infections. There is also lack of proper pruning system and maintenance of trees. In conclUSion, trees 
perform many vital environmental functions such as reducing the urban heat island effect, absorbing CO~, and proving 
shade and aesthetic beauty in the urban landscape. The proper planting of the correct tree species, understanding of 
soil type and deploying treatment on diseased trees are solutions that the urban planners and developers should take 
into consideration when planting wayside trees. Regular pruning and maintenance of trees should be the preferred 
strategy rather than chopping down the trees. 
UNIVERSITI SAINS MALAYSIA'S ENVIRONMENTAL SUSTAINABILITY AGENDA 
Ngai Weng Chan 
School of Humanities, Universiti Sains Malaysia 
Abstrract 
Universities are ideally conceived as places of tranquility with the best natural ambience conducive for academic 
pursuits. Any disturbance in terms of noise, air, water or a degraded environment will undermine a university'S 
environmental sustainabUity. This paper uses secondary data and content analysiS in Universiti Salns Malaysia 
(USM}'s library, archive and website. Primary data Is also obtained from qualitative Interviews with staff and students. 
USM has embraced the concept of sUstainabiUt;y, particularly with respect to environmental sustalnabUity. Its 
"University in a Garden" concept, conceptualised in 2001 is designed to enhance the dose relationship between the 
role and function of the university as an institution of higher learning and nature as part of its environment USM has 
also formulated policies on traffic inside the campus and implemented them. Commuter buses have replaced 
motorcycles, and shaded pathways, promotion of walking and bicycles are alternatives to Qrs. (n tenus of energy and 
water efficiency. USM has formulated plans to reduce their consumption via both hardware (cbanging structures and 
equipment) and software (changing people's behaviour). It is concluded that universities function like small 
townships and should playa key role in embracing and promoting the concept of environmental sustainability. USM is 
shown to be committed to sustainability as a core principle in its vision and has implemented many successful 
examples. 
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THE BUSINESS OF LITTERING: A CASE STUDY ON WATERWAYS IN MALAYSIA 
Ab.stract 
Littering is i3 bad habit among$t Malaysians. both individuals and businesses. Despite attempts to control th~ habit. it 
has, turned out to be a never cnding problem In Malaysia. It has "ffectl>d the environment, the natural waterways 
and natural ecosystems besides tdus.ing a large amo~mt of taxpayers' money in the clean!og lJP. This research 
inteod$ to probe the challer'lg~s on littering and waste djspos~ls in the waterways of Malaysia. The methodology 
uses the visual survey method to Identify rubbishwcoked waterways and secondary data via literature research on 
reports and news on the local policies and tne thrash business. Visual survey and documentation with photographic 
evidence show that rubbish is thrown into waterwaV5 with total di$r~ard for the law and environment. Despite the 
warning of puni$hlng the culprits from the authority, there are not enough efforts by the stakeholders in 
Implementing a hcllstic approach to overcome this d(eadful envi(onmentaJ problem. Results. from this study show 
that modern lifestyle based Of! the "rat race", apath\i and bad habits, an education system poor on environmental 
education, low environmental awareness and commitment. ec.onomy-centric pOlicies that disregard ~fIVironmental 
prote<:tion and poor enforcement of rules and regulations are some of the problems that contribute to littering 
problems. As long as there are lukewarm political will, low awareness, poor environmental education. poor policies, 
and low stakeholder engagement/involyement, littering will continue to be an envirot'lmental headache to our 
government, and will lead to clogged waterways that cause polluted waters, floods, poor fisheries, maimed 
ecosystems, disease· epidemks. he~ith contern~ and degraded intangible value of the naturallandscape$. Uttering ls 
iI serious problem that is the responsibility of all stakeholders and is in great need of a paradigm change in mlndset 
of all :>takeholders, 
Keywords: Uttering. environment, Maraysia. trash, waterways 

~ Kebangsaan Masyarakat, Ruang Dan Alam Sekitar (MATRA) 2013 
MANAGEMENT OF UPPER JURU RIVER USING BIOLOGICAL WATER 
QUALITY INDEX 
Ang Sek Chuan,·Chan Ngai-Weng and Narimah Samat 
Geography Section, School of Humanities, Universiti Sains Malaysia, Minden, Penang, Malaysia 
*asc56@hotmail.my 
in Malaysia are deteriorating at an alarming rate caused by pollution, neglect and poor management 
paper examines the management aspects and assesses the water quality of a tributary of Juru River via 
~iOl()glCal assessment. This study fills the latest biological data on a tributary of Juru River. The Freshwater Name 
(TFNT) adopted from the Thai version by Department of Irrigation and Drainage Malaysia was used as 
methodology to study the Biological Water Quality Index (BWQI). A systematic catching, identifying and 
lI(e.leas:mg the freshwater invertebrates of the running stream were recorded at four sites within a kilometre in 
DIlgtn - upper (A), upper middle (B), lower (C) and downstream (D) over a period of 3 weeks. It was found 
while A and B are "clean water" with BWQI of Grade B, site C and D deteriorated to "dirty watee~ If not 
the presence of Pagoda snails with high score, site C and D would have little or no inverterbrate. The results 
that TFNT is not an accurate guide for studying this river. This study shows that the pollution at upper 
River has deteriorated rapidly as it passed through a printing factory, pickle factories, fish pond, sewer 
and housing estates within a square kilometre in area. Neglect and poor management of the river is a 
concern that needs to be addressed. There is little holistic management based on Integrated River Basin 
llanage:meJllt (IRBM) as the river is managed by various agencies on a sectoral basis. Proper planning of 
and designs of urban drainage need to be enforced, while wastewater discharges from small 
industries (SMEs) into the river need to be monitored and controlled. Finally, the manaJ~~~··" 
river should also involve the public and NGOs to engage all stakeholders. 
~_V!W'n1'II!1i:' river conservation, Biological Water Quality Index (BWQI), Juru River, Fre __ • 
~strak 
IENGURUSAN ANAK SUNGAI JURU MENGGUNAKAN INDEKS KUALITI AIR BIOLOGI 
IIlmg;ai' -sungai di Malaysia semakin merosot pada kadar yang membimbangkan disebabkan oleh pencemaran, 
~nll~aIJ2L1an dan pengurusan yang lemah. Kajian ini meneliti aspek-aspek pengurusan dan menilai kualiti air 
sungai Juru melalui penilaian biologi. Kajian ini mengisi data biologi terkini mengenai anak sungai Juru. 
Freshwater Name Trail (TFNT) daripada versi Thai oleh Jabatan Pengairan dan Saliran Malaysia telah 
pakai sebagai kaedah untuk mengkaji Indeks Kualiti Air Biologi (BWQI). Kaedah yang sistematik 
penangkapan, mengenal identiti dan melepaskan invertebrata telah direkodkan di empat tapak dalam 
kilometer panjang - hulu sungai (A), bawah huIu (B), bawah (C) dan hilir (D) dalam tempoh 3 niinggu. 
telah mendapati bahawa walaupun A dan B adalah "air bersih" dengan BWQI Gred B, sementara tapak C 
D merosot kepada "air kotor': Jika tidak kerana kehadiran Siput pagoda dengan skor yang tinggi, tapak. C 
D mungkin tiada invertebrata. Keputusan menunjukkan bahawa TFNT merupakan panduan yang tidak 
untuk mengkaji sungai ini. Kajian ini menunjukkan bahawa pencemaran di anak Sungai Juru telah 
.. n,,~""'''''L dengan pantas kerana ia melalui sebuah kilang percetakan, kilang-kilang ;eruk, kolam ikan, stesen 
;teDllbe1:unJlitan dan kawasan perumahan dalam satu kilometer persegi. Pengabaian dan pengurusan sungai 
lemah adalah satu kebimbangan utama yang perln ditangani. Terdapat kekurangan pengurusan holistik 
Be~raasarJ~an Pengurusan Lembangan Sungai Bersepadu (IRBM) dirnana sungai diuruskan oleh pelbagai agensi 
.)(~ra!.aSjli:an sektor. Perancangan kawasan perumahan dan reka bentuk saliran ban dar perlu dikuatkuasakan, 
Tempat: 
Beach Resort 8ayv~~%u Pinang 
Tarikh: 
16 ~ 19 Oisember 2013 
3.15 ptg - 3AO ptg 
3.40 ptg - 4.05 ptg 
4.05 ptg • 4.35 ptg 
4.35 ptg - 5.30 ptg 
Pembentangan Kertas Kerja 3 
Ministry of Health 
Mesyuarat Tahunan JTJAD ~Ii Ke·26 
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16 D!SEMBER - 19 DISEMBER zon 
Mr. Engku Azman Tuan Mat, Senior Deputy Director of Engineering Services 
Development of Water Safety Plan in Malaysia 
Pembentangan Kertas Kerja 4 
SAJ Holdings Sdn Bhd 
Ms. Noridawati blnti Anuar, Executive 
Water Safety Plan - SAJ Practice & Experience 
5esi 50al Jawap 
Rehat dan Lawatan Pameran 
18 Dis 2013 (Rabu) 
8.00 pg • B.05 pg MESYUARAT SESI 2 
B.05 pg • 8.30 pg Pembentangan Kertas Kerja 5 
Jabatan A/am $ekitar Pulau Pinsng 
En. Bsdllshah bin Ahmad, Ketua Pen%ng Pengarah (Operasi) 
Cara·Cara Mengatasi Kualiti Air 
8.30 pg - B.50 pg Pembentangan Kertas Teknikal 2 
Arachem (M) Sdn Bhd/ Xylem Inc 
Mr. Kelvin Lal, Sales Manager, Asia Pacific 
Baseline Monitoring and Early Warning for Source Water 
8.50 pg - 9.15 pg Pembentangan Kertas Kerja 6 
Lembaga Air Perak (LAP) 
Ms. Fadzllah blnti Abdul Kadir, Pegawal Salns 
Penga/aman Penggunaan Klorin Dioksida Di Dalam Proses Rawatan Air 
Di Lembaga Air Perak 
9.15 pg ·9.35 pg Pembentangan Kertas Kerja 7 
Syar/kaf Air Melaka Bhd 
En. Shah/rwan bin Aman Shah, Pengurus Pengeluaran & Sumber Air 
Perkongsian Penga/aman Penggunaan Sistem Electrochlorination 
Menggantikan Gas Klorin Di Loji Air Sebukor, Mefaka. 
9.35 pg • 10.10 pg Sesl Soal jawap 
10.10 pg - 10.45 pg RehaVLawat Pameran 
10.45 pg - 10.50 pg MESYUARAT SESI3 
10.50 pg -11.15 pg Pembentangan Kertas Kerja 8 
Un/vers;ti Sa;ns Malays;a (USM) 
Prof. Chan Ngal Weng, Un;versltl Sains Malaysia 
Libatsama Pihak Berkepentingan Da/am 
Pengurusan Sungai Dan Air Holistik Untuk 
Sumber Air Lestari 
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Libatsama Pihak Berkepentingan Dalam 
Pengurusan Sungai Dan Air Holistik Untuk 
Sumber Air Lestari 
Prof. Chan Ngai Weng 
Professor. Universiti Sains Malaysia 
Presiden, Water Watch Penang 
Universiti Sains Malaysia (USM) 
Universiti Sa ins Malaysia. 
11800 USM Penang 
He has published 27 books and more than 100 
papers in professional journals. He is currently Vice-
President of International Water Resources 
Association, President of Water Watch Penang, 
EXeO Member of Malaysian Environmental NGOs, 
Member of Editorial Boards of Water International, 
International Journal of Emergency Management, 
Iranian Journal of Environmental Health Science & 
Engineering, International Water Resources 
Association (India) Journal and Malaysian Journal 
of Environmental Management. He was Winner of 
the Asia Water Management Excellence Awards 
2010 Individual Category, and is nicknamed 
"Malaysia's Waterman". 
Kelulusan Professional Professor Grade 8 (VK6), Universiti Sains Malaysia 
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Sungai merupakan ekosistem kaya yang mustahak untuk hidupan, baik flora, 
fauna dan manusia. Oi Malaysia, akibat pengurusan yang kurang berkesan dan 
ketidakprihatinan awam, kualiti sungai-sungai telah merosat dengan serius. Hal 
ini telah menyebabkan kualiti air mentah sungai merosot sehingga setengah 
tidak boleh digunakan untuk minuman. Selain itu, pembangunan pesat yang 
tidak terkawal serta kadar pembandaran pesat juga telah memberi tekanan 
terhadap sungai dan mencemarkannya. Isu-Isu lain yang memberi kesan 
negative terhadap kualiti sungai dan kualiti airnya termasuk amalan-amalan 
governans yang memfokus kepada pengurusan kekurangan air, banjir dan 
pencemaran secara atas-ke-bawah yang kurang melibatkan semua pihak 
berkepentingan. Menangani pencemaran air dan perlindunagn alam sekitarjuga 
tidak tinggi di dalam agenda kerajaan berbanding dengan pembangunan 
ekonomi dan sasia!. Oleh itu, model pembangunan adalah kurang lestari sebab 
pihak kerajaan/pengurus dinampak hanya mencapai pembangunan ekonomi 
dan sosial dengan pembangunan alam sekitar jauh ketinggalan. Isu lain yang 
menjejaskan pencapaian pembangunan lestari termasuk kelemahan 
penguatkuasaan undang-undang, kekurangan penglibatan pihak awam dan 
kekurangan perlaksanaan langkah-Iangkah bukan struktural. Dalam hal 
pengurusan kualiti air, kerajaan dan pihak swasta perlu melibatkanorang awam 
dan NGO dalam penentuan tarif, pemantauan kualiti air, kempen jimat air 
nasional dan hal-hal penswastaan yang telus. Perkembangan baru yang 
melibatkan rakan kongsi pintar antara kerajaan. sektor swasta dan badan bukan 
kerajaan (NGO) menunjukkan potensi baik untuk pengurusan sungai dan 
sumber air secara lestari. Kerajaan boleh meneruskan peranan bimbingannya 
dalam pengurusan sungai dan sumber air (kuantiti dan kuantiJ tetapi perlu 
menukar minda denga'n melibatkan semua pihak berkepentingan dalam 
sesuatu pendekatan pengurusan yang lebih demokratik dan hoUstik. Pihak 
orang awam, pihak swasta dan NGO kini berupaya memainkanperanan basar 
bersama kerajaan untuk menrealisasikan implan negaramencaPEd~gurusan 
sungai dan sumber air lestari. 
39 
